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The GAGEResearch Program and its Objectives:

The GAGEprogram is a team effort involving several institutions in the

United States, Great Britain, and Australia to measure and analyze, at five

global sites (MaceHead, Ireland; CapeMeares, Oregon; Ragged Point, Barbados;

Point Matatula, American Samoa;Cape Grim, Tasmania), a number of long-lived

atmospheric trace gases of importance to manand the environment. The site at

Mace Head, Ireland was added to the program in 1987. The gases involved are

both biogenic and anthropogenic in origin and include the trace species CFCI3,

CF2C12, CH3CCI3,CC14, N20, CH4, and CF2CICFCI2. Measurementsare made at

each site several times daily using automated gas chromatographs. Each of the

participating units has its own particular duties and responsibilities and

must accomplish its tasks in concert with the other groups. At Georgia Tech,

our primary contribution to the GAGEprogram includes basic processing and

calibration of the raw field data from each GAGEstation to dimensional form,

preparation and presentation of the resulting data base to the GAGEteam for

discussion and verification, archival and distribution of the final calibrated

and verified record, and analysis of the record in preparation for publication

of the GAGEresults.

The GAGEprogram is continuing with only the administration of its

funding altered. At Georgia Tech, we are now working under a subcontract

through MIT (#GC-R-II4890) which administers funding for all of the

organizations involved in GAGEunder a consolidated NASAgrant (#GAGW-732).

Thus, this "final" report is really only an interim report as far as the total

program is concerned.

A Summaryof Progress and Results to Date:

Processing of the GAGEraw data from the HP-5880 gas chromatographs





located at each of the five global GAGEsites into final calibrated records

has essentially been completed through the period ending in December1988 and

preliminarily through June 1989. Additional F-II3 data from Tasmania is being

added to that station's data base backward in time as hand analysis of

chromatogramscan be prepared in Australia and the results shipped to Georgia

Tech. While much of this data was collected prior to the onset of the GAGE

program, its existence will add substantially to the GAGErecord. It is

expected that the Tasmanian F-II3 GAGEdata will extend from early 1982

onward. In general, the lengths of the data records vary from site to site

since the GAGEinstruments (HP-5880's) were placed into operation as they

becameavailable to each station. Except for the Mace Head site, all of the

instruments were on line by mid-1985, however.

During the transition period from the predecessor ALE program (which used

HP-5840chromatographs) to GAGE,maintenance of continuity in the overlapping

data base was of great concern. To facilitate this process, at least six

months of overlap data was recorded and analyzed at each site. At Tasmania,

however, more than three years of simultaneous measurements were made and

processed. Analyses suitable for comparisons detailing the transition period

at each GAGEsite have been produced, and the results show clearly that the

GAGEdata matches the ALEvalues in considerable detail.

Since the GAGEprogram is a cooperative effort involving scientists from

several organizations around the world, the details of GAGEprogress during

the program are contained in the "minutes" of the regular semi-annual meetings

of GAGEscientists. Copies of the minutes of all such meetings that took

place during the lifetime of the current grant are appended as part of this

report. In addition, a bibliography of all publications which were produced

during the project's 5-year period are attached.
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Minutes of the Ist Meeting of GAGE Scientists

Sandy Lane Hotel, Barbados

April 17-19, 1985

I. The meeting began at 8:30 am on Wednesday, April 17 with the following GAGE

scientists present: Prinn, Rasmussen, Crawford, Cunnold, Alyea, Fraser, Simmonds

and Rosen. Also attending the meeting was W. De More, representing NASA.

The minutes of the 23rd meeting of ALE scientists were approved, and

attention moved immediately to the status of the ALE stations. Simmonds reported

that the Barbados building was in fine shape, although a new air conditioner will

be needed. Simmonds will visit OGC in mld-May to work with the HP 5880 (including

CH_), which will then be shipped to Barbados hopefully in time for installation at

the site during June. The group urged that this matter receive highest priority

and also recommended that the HP 5840 be allowed to run in parallel with the new

instrument at least through December 1985. Rasmussen and Crawford then reported

that the floor of the Cape Meares building is sagging and rotting away and will

need attention. The HP 5880 there is operating well. The methane addition has

not been accomplished yet. At Samoa, a change in NOAA staffing means that a new
q

on-site station manager will be coming. The move into the new building went

fairly smoothly, although there were difficulties, such as a failure on the part

of NOAA staff to reconnect our air intake lines. The HP 5880 (including CH 4) for

Samoa is being tested at OGC, and it is anticipated that it will be on site in

July. As for Barbados, the group emphasized that getting this instrument into

Samoa is a taks of the highest priority. Fraser gave a detailed report on the

status of operations at Tasmania. A number of calibration tank supply problems

meant that some tanks were on-line for longer thanstipulated in the ALE/GAGE



protocol. Also, there were a few power failures in February associated with geese

flying into the power lines. Fraser also presented a comparison of monthly mean

values from the HP 5880 and HP 5840 at Tasmania and on the basis of these

recommended that a 12-month overlap of the two instruments would be desirable.

Having well exceeded this period at Tasmania, the group agreed that the HP 5840

should be shut off within the next 60-90 days.

The next item on the agenda was the review of ALE data. Rasmussen noted

that although certain issues concerning N_ in primary standard tank 033 remain

unresolved, he is now certain that there is no "drift" problem affecting the first

five years of ALE data, and these data can now be considered final. Rasmussen

also reported that a first draft of the ALE VII paper on N20 will be distributed

in mid-June. The group agreed to delay release of the 5-year data tape until that

time. Data for the first half of year 6 (July-Dec. 83) were briefly reconsidered

and approved, and then the 9 action items for the second half of year 6 (listed in

the minutes of the 23rd ALE scientists meeting) were each considered in turn.

All of these items have now been dealt with except for item 8 involving the use of

an "internal standards method" to deal with a carrier gas problem at Tasmania.

The first look at year 7 (July-Dec. 84) HP 5840 data produced the following set of
#

new action items:

Barbados

I. Pollution events in November to be rechecked, along with the drop in most

species prior to the major pollution event that month

2. Values during Sept. I-5, during a possible "interhemispheric exchange"

event, to be rechecked

3. "In" value for tank 249 to be incorporated
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Oregon

4. HP 5840 data (available only through July 84) to be compared with HP 5880

data

Samoa

5. Data in early November during week after move into new building to be

reconsidered

Tasmania

6. CC£ 4 and CH3CC£ 3 values during reign of tank 248 to be reconsidered

7. Values of CC£_ and CH3CC£ 3 during the "burp" from Aug. 27-mid Sept. to be

reconsidered

8. "In" value only to be used for tank 248 for N20; similarly, "in" value only

to be used for tank 268 for N20

The first session then adjourned at 1 pm.

II. The meeting resumed at 2 pm with Fraser displaying time series of HP 5880

data for 1984 at Tasmania. This led to two additional action items: (a) the HP

5880 data need to be placed into "ALE" format; and (b) the "in" value for tank

288 associated with a big jump in N20, CC£_ and CH3CC£3, needs to be determined.

The issue of automatically processing the HP 5880 data to produce ALE-type

time series in the future was addressed next by Alyea. He suggested formats for

transmitting the data to Georgia Tech., which the group tentatively agreed upon.

Some of the software difficulties involved in interfacing the RP 5880 with the

Techtran recording unit were discussed at great length, but it became clear that

these problems were not insoluble. Cunnold suggested that some means ought to be

found to automate the identification of pollution events at a station, and the

group agreed that this subject should be discussed again at the next GAGE meeting.



Prinn discussed the issue of occasional "quantization" of ALE data which

occurred when the precision of the measurementswas less than ideal, such as when

it was necessary to resort to peak heights. The group agreed that this problem

does not affect the major goals of ALE/GAGE,and moreover the problem should not

exist with the high precision DIP5880 data, in which four significant figures will

be retained.

The rest of this session dealt with administrative matters. Most of the

investigators reported that they had their grants/contracts in hand. Rosennoted,

however, that AERhad not yet received its contract in writing, although verbal

assurances have been given by NASAprocurement personnel that it was on its way.

In light of the delay in getting funding to the GAGEinvestigators, De More

suggested that budgets for the second year of GAGEbe submitted as soon as

possible. Simmondsreported on NOAA'sexpression of interest in contributing to

the support of the Barbados station, and he will follow up on this. Prinn pointed

out that the scientific community has been urging that the Adrigole station be

reinstated, and the group agreed to continue to pursue meansfor doing so. Prinn

also remarked that interest is building in establishing a real-time GAGEstation

in the Aleutians (possibly at Shemya), downwindof the Soviet fluorocarbon source
l

region.

Venues for future GAGE meetings were discussed next. It was agreed that the

next meeting be held at MIT's Endicott House in Dedham, Mass. in October. It was

also agreed that people from NOAA GMCC should be invited to meet with the GAGE

team for one day at this time to compare data and discuss future cooperation.

Prinn will finalize the dates and other arrangements for this meeting as soon as

possible. The third meeting of GAGE scientists in April 1986 will be arranged by

Rasmussen for a location on the west coast.



Prinn briefly reported on the outcome of a recent workshop on global

tropospheric chemistry held in Boulder and attended by over i00 scientists.

Program managers from NASA,NOAAand NSFwere also present at the workshop and

expressed muchinterest in coordinating a major research effort on the subject.

Several of the goals for trends and distributions relevant to tropospheric

chemistry agreed upon at the Boulder workshop are being, or will be, met by the

GAGEdata set; moreover, the Boulder group endorsed the reopening of the Adrigole

station and the establishment at Shemyaof a GAGE-typestation.

The session then adjourned at 5:45 pm.

III. The meeting resumedthe next morning at 8:30 amwith Cunnold leading a

lengthy discussion of ALEVIII on the flve-year data set. To keep the paper a

manageablesize, Cunnold has presented results for F-II and F-12 only. (The other

species will be reported on in a separate paper.) The GAGEscientists agreed to

review the paper and to give commentsdirectly to Cunnold.

Plans for a paPer (ALE IX) on seasonal and higher frequency fluctuations in

the species data due to meteorological forcing do exist, but Rosen reported that

budget constraints will delay preparation of a first draft for another year.
#

Fraser indicated that ALE X, dealing with comparisons of HP 5840 and HP 5880 time

series, is being worked on.

For the next several hours the discussion focused on the desirability of

adding carbon monoxide to the suite of chemicals being measured at the GAGE

stations. Prlnn noted the importance of determining the global trend of CO,

because of its role in regulating tropospheric OH concentrations. In this regard,

Rasmussen remarked that the 6% per year trend in CO reported in his Tellus paper

using 3 years of data no longer existed, and, in fact, based on 5 years of CO



measurements, there is no discernable trend in this species. The usefulness of

measuring COat a few isolated surface stations, given its large degree of spatial

heteorogeneity, was discussed at length in light of future plans to monitor CO

from satellite. It was agreed that GAGEmeasurementsof COwould serve as

important "ground truth" for such satellite measurements, and also that GAGEdata

on COin conjunction with measurementsof the other GAGEspecies, could help

discriminate natural sources of COfrom anthropogenic sources. This latter point

requires further consideration, and given its potential importance, the group

agreed to do so.

The session adjourned at 1 pm.

IV. The final session of the formal meeting began at 2 pm. Alyea reported that

the proposal by Atlanta University Center to establish a GAGE-typestation was not

received with interest by NASA. Alyea also reported on information he received

that China is manufacturing fluorocarbons in six cities and that the Chinese would

be willing to produce an inventory of their production if a small amount of

funding could be madeavailable for this purpose. Alyea will pursue the matter

further.
d

Rasmussen and Prinn spoke of their interaction with Russian scientists, who

seemed genuinely interested in cooperating with the GAGE team. Follow-up on this

matter depends next on a Russian response to our offer of an HP 5840 in return for

their providing us with the results of their measurements on this machine.

The first meeting of GAGE scientists formally adjourned at 3:00 pm so that

the group could travel to Ragged Point to visit the GAGE station. Informal

meetings among several of the GAGE scientists to discuss outstanding issues

including an Adrigole proposal were held on Friday, April 19.



IfINUTESOFTHESECONDMEETINGOFGAGESCIENTISTS

MIT Endicott House, Dedham,MA
October 23-24, 1985

I. The meeting beganat 9:00 amon Wednesday,October 23 with the following GAGE
scientists present: Alyea, Crawford, Cunnold, Khalil, Fraser, Prinn, Simmonds,
Rosen.

The minutes of the first meeting of GAGEscientists were approved, and attention

turned to the status of the GAGE stations. Simmonds reported that NOAA has written a

two-year contract to help support the Barbados station; the remaining half of the

needed funds will be supplied by the CMA. At the site, a new air conditioner has been

installed, and the building is in fine shape. The DIP 5840 is now running beautifully,

although it was down for 3 weeks during late June to mid-July because of problems

following a burned-out pump relay. The HP 5880 finally arrived in Barbados on August

3 after a number of shipping delays. Several problems were encountered in setting up

the 5880, including difficulties with the compressor and the program, but it seems to

be running well as of mid-October. For several of the species, the data from the 5880

are not looking as good as those from the 3840, but this situation should improve as

the 5880 start-up problems are worked out. A real difficulty, though, is with the new

CH4 measurements which are currently much noisier (few percent precision) and at a

higher level (up to 2 ppm) than expected. This led to a lengthy discussion about

possible sources of contamination and possible remedies. This is a general problem

since it was noted by Crawford that the CH 4 measurements at Samoa and Cape Meares are

also suffering from high noise levels (it was discovered subsequent to the meeting

that cross-contamination involving the valves was the cause of the problem at all
sites and this has now been fixed).

Crawford reported that the Oregon Dept. of Parks has complained about the

appearance of the building at Cape Meares, so it will have to be replaced. The DIP

5880 has been running since mld-July and, except for the CH 4 problem, is producing

good quality data. The 5880 in Samoa was also installed in mld-July, but a shortage

of carrier gas led to a loss of 2 weeks of data on the 5880, a month on the 5840.

This will necessitate postponing the planned shut-off date for the 5840 until early

1986 to permit the desired 6-month overlap period. The need for an overlap period is

straining budgets at both Samoa and Barbados, however, and it was agreed to allow the

field scientists to decide about closing down the 5840 prior to the next GAGE meeting,

subject to the constraint of having at least 6 months of overlap data and in

consultation with other members of the GAGE team. A completely new NOAA team is now
on-slte at Samoa, and (conversant with Reagonomics) a meter has been installed to

monitor, and charge for, our electricity usage in the new building.

At Tasmania, plans call for the CH 4 detector to be added to the 5880 during

Crawford's visit in early December. The 5840 was shut off on July 2; shortly

thereafter, the 5880 developed its first instance of a serious malfunction in its

4-year lifetime (Murphy's Law?). The machine was down for about 2 weeks but is now

back in opera- tion. The most recent calibration tanks were on-llne for 8 months, but

it is hoped that shorter tank usage times will be possible in the future.

The first session adjourned at 12:30 pm.



II. The meeting resumed at 1:30 pm with Alyea reviewing the difficulty with the CCI 4
and CH3CCI 3 5840 data at Tasmania for April - October 1984. Although he and Crawford

attempted a number of remedies, none were especially satisfactory, and it was agreed
to delete these data from the record.

Next, attention turned to reviewing data from the first half of year 7, July 84 -

December 84, in light of the 8 action items from the previous GAGE meeting. Six of

these have been attended to, but the Oregon 5880 data for July 84 have not been

transmitted to A/yea yet forlcomparison with the 5840 data that month. In addition,
it was decided to reverse the action item regarding the treatment of calibration tank
values for N20 at Tasmania (see below).

Data for the second half of year 7, January - June 85, were inspected for the
first time, leading to the following set of new action items:

Barbados:

(5840) I. Check CH3CCI 3 data during several-day period during mid-February
when high values o_cur,

2. Check data in early May associated with jump in CH3CCI3, F-II and
F-12,

Samoa: 3.

(5840) check data on S-column and F-lIP during January "burp",

Tasmania: 4.

(5840/5880)

Oregon:

(5880)

Review the entire HP 5840 data for this period - it was unavailable
at GAGE 2 meeting,

5. Regarding the HP 5880 data, check all species during January 11-15,

6. Return to the first half of year 7 and reverse the previous decision

to use only "in" values on tanks 248 and 268 for N20; instead return
to normal procedure of averaging "in" and "out",

7. Fill in data missed because of intermittent loss of Techtran
recording,

8. check CCl_ (and F-II3) during January when large amplitude
oscillations occur. _ '

During the inspection of the most recent data at Samoa, it was noted that the noise

level has increased on all species since the move to the new building.

The issue of how many 5880 measurements should be reported "by hand" when the

automatic recording system fails was discussed next. It was agreed to limit these

data to 4 times daily (0300, 0900, 1500, 2100 local time); when the Techtran llnk is

operating, the 12 times daily frequency will be maintained, of course. In this

connection, it was agreed that the "CACA" sequence of measurements will be the GAGE

standard. Fraser will assess the difficulty of implementing this operation atTasmania.

Alyea reported his plans for analyzing the pre-GAGE 5880 data from Cape Grim. He

expects to work back 6 months at a time and hopes to complete processing all the databack to 1981.



The first day's session closed with a discussion of funding matters. Rosen

announced that a contract had finally been signed between AER and NASA, effective from

September 1985 through March 1988. Other team members supported by NASA have already

submitted their renewal proposals for their second year of funding. Simmonds noted

tha the U.K.'s Department of the Environment (DOE) has expressed interest in reopening

the Adrlgole station. He will stay in touch with Prlnn on this development to

coordinate a proposal to NASA to supply a new instrument for this site.

The session adjourned at 5:00 pm

III. The meeting resumed at 9:00 am on Thursday morning with Rasmussen Joining the

group. The morning discussion centered on reviewing the agenda for the joint meeting

to be held the next day (Friday, October 25) with GMCC scientists (A transcript of

this GMCC/GAGE meeting was made and distributed to all participants. A second meeting

was planned once GMCC had one year of finalized HP 5890 data at Samoa). This wide-

ranging discussion included such matters as the independence of the two programs and

the desirability of setting up a new GAGE site at Shemya.

Venues for future GAGE meetings were discussed next. It was agreed to hold the

next GAGE meeting in the Pacific Northwest during the week of April 28 - May 2, 1986.

Rasmussen will handle the arrangements. Tentative plans were made to hold the 4t__h

meeting of GAGE scientists in Australia at the end of November. Fraser will

investlgate the feasibility of hosting the meeting in Australia; if this is not

possible, the meeting will be held in the Atlanta area.

Rosen asked for the group's consent to destory old data sheets and punch cards

containing ALE data more than 3 years old. Because adequate backup for these data

exist elsewhere, the group agreed that the AER "paper" records could be destroyed.

IV. After a brief lunch break, the final session of the meeting turned to the status

of planned ALE papers. Khalll indicated that ALE VII, on nitrous oxide, should be

ready in a few months. One snag in this work has been the sensitivity of trend

estimates for N20 to data jumps associated with callbratlo_ tan k changes. Cunnold

reported that the 5-year F-II, F-12 paper was submitted to JGR in mid-September. He

asked for comments from other GAGE team members. Cunnold noted that the next paper on

CH3CCI 3 and CCI_ is about 1/3 completed. A lengthly discussion was held regarding the

input needed to finish this work.

The second meeting of GAGE scientists ended at 3:00 pm.





MINUTES

The Third Meeting of GAGE Scientists

Kah-Nee-Ta Resort, Warm Springs, Oregon

April 29-30, 1986

(i)

The meeting began at 9:00 am on Tuesday, April 29, with the following GAGE

scientists present: Prinn, Crawford, Khalil, Rasmussen, Cunnold, Alyea, Fraser,

Rosen, Simmonds.

After quickly approving the minutes of the second meeting of GAGE

scientists, the group turned its attention to the data that had been collected

by the HP 5840 and 5880 instruments at the various sites. The following items

were a_reed to for each station:

Tasmania (5880)

I. It was agreed to begin the data record with the start of tank 168 in

December 1981.

2. Item 5 of GAGE 2 minutes still to be done (Check all species during January

11-15, 1985).

. Check the chromatograms around the time of major step jumps associated with

tank changes, as in transition from tank 130 to tank 288 in December 1984.

Tank 130 calibration values to be rechecked.

(5840)

4. Data from P-column to be checked and deleted, if necessary, during January

1985 because of instrument problems.

Samoa (5840)

5. Check jump in data in early December 1985 related to carrier gas change.

d

6. Trajectory analysis to be performed in connection with January 1985 "burp".

Barbados (5880)

7. Delete F-If3, CH3CC13 and CC14 data during August-October 1985 because of

regulator problems.

8. Check CH3CCI 3 during first I0 days of November 1985, which is much noisier

than 5840 measurements.

Oregon (5880)

9. Check tank 290 values for CCI_ in September 1985.



I0. Check species values in late January 1984 after system restart.

II. Check jump in F-It associated with transition from tank 286 to tank 283 in

May 1985.

It was also noted that the precision of methane field analyses was

significantly less at Barbados and Oregon than typically obtained with HP 5880's

equipped with FID's in laboratory conditions.

The first session then adjourned at 12:00 noon.

(II)

The second session resumed at 2:00 pm with a discussion of how to merge the

overlapping HP 5840 and 5880 data to produce a "GAGE recommended" overall data

set. It was agreed to derive a "GAGE recommended" daily mean value by optimally

combining the 5840 and 5880 data during a 6-month period (chosen when both

instruments are operating best), taking into account the standard deviations of

the measurements from each instrument. Other techniques, such as simple averag-

ing, will also be tested, and the results will be presented at the next GAGE

meeting.

The rest of the afternoon session dealt with reports on the present status

of the GAGE stations. Simmonds reported that the air conditioners at the

Barbados site were becoming very short-lived, and that the pump for the air

compressor was also unreliable. The HP 5840 at Barbados is to be shut off on

April 30. Simmonds also noted that there has been a real problem with the

logistics for receiving calibration tanks, to the extent that he has run out of

gas. Rasmussen explained that a source of the difficulty has been the lack of

newly manufactured cylinders that pass GAGE standards, and that recycled tanks

have begun to leak. A new manufacturer has been located, however, and Rasmussen

expects the short supply of tanks to be alleviated by summer.

Crawford reported that the Cape Meares building is still intact, although

the ground's slope is noticeably increasing. A purchase order for a new build-

ing that will pass the approval of the Oregon Dept. of Parks has been placed,

and OGC will seak a funding supplement from NASA for the costs involved.

Methane measurements at Cape Meares are still not sufficiently precise, and

Rasmussen noted that the lack of an HP 5880 in the laboratory has posed real
difficulties in tracking down problems in the field. The group endorsed

Rasmussen's suggestion that he seek funds for another instrument. The group

also asked that the HP 5880 in Tasmania be immediately set up for methane

measurements as required by the GAGE plans (additional insight for improving

methane precision may also come from this).

The HP 5840 at Samoa will be shut off during Crawford's visit in June. The

new NOAA operation at Samoa has not yet begun. Fraser concluded the session

with a thorough report on the status of the Tasmania station. Highlights since

the last GAGE meetin_ include an air conditioner leak during January and a

lightning strike in November that rendered instruments inoperable. Apparently

the Tasmanian Devil problem is licked

The second session adjourned at 4:30 pm.



(ill)

The meeting resumed at 9:00 am on Wednesday morning with Khalil presenting

some preliminary results on N20 trends. Among the key points he made were that

the trend was quite variable in time and that there was a close correspondence

between flask and gas chromatograph measurements at the same site. Khalil

indicated that a paper on the N20 results will be prepared this calendar year.

Finally on the subjet of N20, the group formally adopted a calibration factor of

0.91 to be applied the the GAGE measurements.

Cunnold reported that the 5-year paper on F-If and F-12 results has been

revised in response to reviewer comments and returned to JGR. Drafts of papers

reporting on CH3CCI 3 and CCI 4 based on 6 years of ALE/GAGE data are now in

preparation. Based on a new release scenario and a new calibration factor, both

the trend and the inventory approaches yield similar lifetime estimates for

CH3CCI 3 of about 6 years. Moreover, results from all stations for this species

are now consistent. As for CCI_, there is a large disagreement between the

trend and the inventory lifetime estimates, regardless of the release scenario.

There is also a large sensitivity in both approaches to the release scenario.

It is clear that the current uncertainties in absolute calibration and in

releases are too large to permit any reasonable conclusions to be made about the

lifetime of CCI_. Instead, Prinn suggested that calculated

"photodissociation-only" lifetime estimates be used, in combination with the

GAGE data, to provide estimates of the release of CCI 4.

Fraser reported that a paper comparing HP 5880 and HP 5840 measurements at

Cape Meares and at Tasmania is now in a formative stage. The group agreed that

such a paper would be the best place to discuss techniques for blending the two

data sets, if this material could be included in a timely fashion.

The meeting focussed next on a number of issues related to funding.

Simmonds noted that CMA support for the Barbados station has been secured, but

that the NOAA share has yet to be completely committed. Simmonds will follow up

with NOAA on this matter in the near future. Simmonds and Prinn also informed

the group of efforts to reopen an Ireland station at Macehead, some 1.5 ° north

of the Adrlgole site. Based on the greater likelihood of long-term, sustained

funding at Macehead than at Adrigole, the group endorsed the proposal that Mace-

head serve as a GAGE station. Simmonds and Prinn hope to open this new site by

the end of 1986. In addition, the Adrigole station will be reactivated to
for a N.W

permit a 6-month overlap period with the Macehead station. As

Pacific GAGE station, the group was informed by Joe Prospero (via Prinn) of

serious drawbacks to the Shemya location, and no further resolution on this

subject was achieved at the meeting.

The next meeting of GAGE scientists was set for November 21-23, 1986, in

the Melbourne, Australia region. Paul Fraser will serve as host, and he will

notify team members of the final arrangements as soon as possible. Tentative

plans for a March/April 1987 meeting in Georgia were also agreed to; Alyea and

Cunnold will present further details at the next GAGE meeting.

The third meeting of GAGE scientists ended at I:00 pm.





Minutes of the Fourth Meeting of GAGE Scientists

Peninsula Country Golf Club, Frankston, Victoria, Australia

November 20-23, 1986

I.On Thursday, November 20 the GAGE scientistsvisitedthe CSIRO Divisionof Atmospheric Research.

The GAGE meeting began formally on Friday with the following GAGE scientistsin attendance: Prinn,

Rasmussen, Cunnold, Alyea, Simmonds, Khalil,Crawford, Fraser. Rosen could not join the meeting until

the afternoon ofFriday,November 21, and the recordpriorto his arrivalwas taken by Prinn and Fraser.

The reportson the presentstatusofstationsbegan with Ragged Point,Barbadbs. Simmonds reported

that there have been continualproblems with the clean air generators,three having failedin the firstyear.

A German compressor willbe triednext. In addition,the UPS blew up because of a power outage, and

although ithas been repaired,itscurrentstatusisuncertain.Air conditionerproblems alsocontinue to exist

at the site.The source ofripplenoiseon the porasilchannel was finallytraced to a piece ofseptum flapping

in the carriergas stream and was fixed.Simmonds pointed out that he has no backup boards for the HP

5880 nor any backup detectors.In combination with the problems noted above, he thereforewillneed to

requestadditionalfunds from NOAA/CMA inhis next budget submission. Finally,Simmonds noted that a

seriousproblem existswith calibrationtanks running out.

Crawford and Rasmussen next reported on the statusof the Cape Meares, Oregon station. The new

buildinghas been ordered and should arriveby the end of thisyear. Itwillbe 2 feetlonger than the present

building,the installationwilltake about 1-2weeks, during which time flasksamples willbe taken. Many

more people appear to be visitingthe area, now that the lighthousehas been opened nearby. The HP

5880 isworking well. Episodes of erraticCHjCCIs behaviour have startedup again, perhaps because of

meteorologicalconditions.Difficultystillexistsinobt_ning the precisionwanted forthe C]:/4measurements.

At Samoa, the HP 5880 isworking well,according to Crawford and Rasmussen, although there isa

rotorproblem on the porasilchannel. Since June 1986,the 5880 has been interfacedwith an IBM, which is

proving to be much betterthan the Techtron.

Fraser provided an extensivereport on the statusof the Cape Grim station. Highlights includethe

installationofthe GAGE methane instrumentation,and the development ofsoftwaretoprocessboth the CH4

and F- 113 data. A problem has developed with N20 measurement noisesincethe methane instrumentation

was installed.Moreover, a seriousbudgetary problem has arisen in connection with the introduction of

the GAGE methane program, because of the considerablecostsinvolved for additionalgases. Rasmussen

volunteeredto repairan OGC zero air generatorfor use at Cape Grim to alleviatethisproblem.

Finally, Prinn and Simmonds reported on the progress of plans for the new GAGEstation at MaceHead,

Ireland. Funds have been provided to MIT from NASA to purchase the instrument, and the UK DOE has

agreed to support the costs of operating the station for at least one year. Present plans call for the new

station to begin operating early in 1987.

Discussion turned next to the options availablefor improving the precisionof methane measurements

at the GAGE stations.The performance of the HP 5880'shas been somewhat disappointing thus far,most

likelybecause ofback diffusionof CH4 from the carriergas used forthe ECD's. (Evidence forthissuggestion

was provided by the notable improvement in the CH4 measurements at Samoa when the carriergas ran

out.)The stationscientistsagreed to use the (more-accessible)instrumentsin Ireland,Oregon, and possibly

Tasmania to solvethe difficultywith the methane measurements.
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II. The review of data taken by the HP 5840 and 5880 instruments at each station occupied much of the

meeting on Friday and Saturday. HP 5840 data was examined for the period from January 1985 through the
end of their record at each station. The following action items regarding these HP 5840 data were agreed to:

(A) 5840 data (Jan 85 to shut-offs in 86)

Barbados

(a) UHsUUls Dec 15-25, 1985, high values to be checked

{b} tank 246 _in _ value to be included for 1986 data

(c) increases in FllS, FLIP, F12, and CHsCCI3 just prior to tank 307 to tank 246 change in 1986 to be checked

Sanloa

(d) Jan 7 - Feb 15, 1986, jumps in all halocarbons to be checked

(e) last 4 days of operation (April, 1986) to be checked for noise problems for all speices

Tasmania

(f) Jan 4-31, 1985, N20 data to be tossed out due to temperature regulationproblems

The HP 5880 data were examined from the beginning of theirrecords at each station,and the following
actionswere agreed to:

(B) 5880 data

Tasmania

(a) April 12, 1982, CHjCCI3 _key 7_ data anomalously high and should be checked

(b) March 10, 1982, CCI4, CHjCCIj, F11P allbelow baselineafterdata gap - check

(c) September 20-25, 1982, F12 high valuesto be checked

(d} July 2, 1984, 12:15 pm ambient measurement of CHjCCI3 to be checked

(e) December 1984 check noise on FllS

(f} January 4, 1985, 11:18 am and 4:16 pm check CH3CCI 3 data

(g) August-December 1985, quantization problem evident - check for integration anomalies

(h) hand integrate data for a 1-week period in April 4 - June 30, 1986, then hand integrate
4 per day over entire period if automatic integration problem was evident

(i) tank 324 returned very low - include values for everything but CC14

(j) for F - 113 at all stations, make vertical scale extent about 20 pptv (c.f. 50 pptv at present)

S amoa

(k) early December 1985,reasonsfor gap followedby jump in allspecies

(1) S column jumps associatedwith tank 322 to 025 change in June 1986 to be checked

(m) check methane record vs. P-column status to givecluesabout methane precision



Barbados

(n) delete F - 113, CHsCCI3 and CCl4 data in late October 1985 due to regulator problems

Io) investigate further the difference between early November 1985 HP 5880 and HP 5840 CHsCCI3 data

(p) check _key 7", April 1986, N20

Cape Meares

(q} March 1984,dip inmethyl chloroform (and some other species}to be investigated

(r) May 1984, F - 113 stepjump involvedwith change from tank 261 to 265

(s) January 1985, CCI4 erraticbehavior to be studiedin connectionwith CHsCCIs pollution

(t} September 1985,CCI4 to be dropped because tank 290 valuesare drifting

(u) December 1985, CCl4 and all other species to be eliminated on ashoulders of suspected pseudo-

pollutior_" (WOW!) event

(v) March 1986, F- 113 jump to be investigated (may be a transcription problem}

III. After completing the data review during the sessionon Saturday, November 22, attention turned to

the remainder of the agenda. Alyea reported that,because of the largeeffortinvolved in processing allthe

HP 5880 data that became availableduring the lastsixmonths, littleattentionwas paid to techniques for

merging these data with those from the HP 5840. A lengthy discussionensued about the best approaches

to this task and about the needs of other potential users of the ALE/GAGE data set. It was agreed that
Alyea would produce plots of the overlapping data records for all speices and all stations at the next GAGE

meeting; it was also agreed that Fraser and Rasmussen would prepare a draft of a manuscript discussing the

overlapping data records in time for this next meeting.

The sitc of the next GAGE meeting was chosen to be Calloway Gardens in Pine Mountain, Georgia for
April 14-16, 1987. Cunnold and Alyea will serve as hosts. Plans for the fall 1987 GAGE meeting were not

set, although some sentiment was expressed for a west coast US locale.

A number ofpapers being prepared for formalpublicationwere discussednext. A draftof a manuscript

about CHsCCI3 was circulatedby Prinn and allco-authorsagreed to providewrittencomments to Prinn as

soon as possible.Similaractionwas agreed to regardingthe manuscript about CCI4 prepared by Cunnold

(discussionofthismanuscript focused on what iscurrentlyknown about the absolute calibrationof CCI4).

Khalilreported that some progress has been made on the N20 paper, with hfiportantinsightshaving been

gained by waiting forthe data record for thisspeciesto grow long enough.

Rasmussen reported that a _retired" ALE HP 5840 willbe shipped to the Soviet Union as soon as

formal arrangements can be completed. The Russian scientistsagreed inreturn to send the data taken by

thisinstrument back to Rasmussen. The group receivedthe news of thisdevelopment with much interest

and enthusiasm.

Finally, the group agreed that it was premature to discuss the addition of CO measurements to the

GAGE program at this stage, given the uncertainties still surrounding the CH4 measurements. However,

CO remains of keen interest and will be discussed more fully at the next GAGE meeting.

The fourth meeting of GAGEscientists adjourned at, 1:30 pm on November 22. Subgroup meetings were
held on November 23 as required.





Minutes of the Fifth Meeting of GAGE Scientists

Callaway Gardens, Pine Mountain, Georgia

April 14-16, 1987

I. The meeting began on Tuesday, April 14 at 9:30 am with the following GAGE

scientists in attendance: Prinn, Alyea, Cunnold, Cardellno, Rasmussen,

Crawford, Fraser, Rosen, and Slmmonds.

The minutes of the previous meeting were quickly approved, and attention

turned to reports on the present status of the stations. Simmonds reported

that there has been a problem with the silicone channel at the Barbados

station, causing intermittent losses of CH3CCI 3 and CCI 4 especially in January

and February 1987. Although the UPS at Barbados had been repaired, it still

may not be working properly, although this matter is still being evaluated.

Simmonds reported the good news that the new GAGE station at Mace Head,

Ireland began operations on January 23. Although the wintertime is a period

of frequent pollution events in Ireland, the data being taken appear to be

quite reliable. A competent caretaker for the station (Duncan Brown) has been

hired. Problems with the power supply at Mace Head may be a continuing worry;

power was shut down for 12 days in February to rewire the peninsula. Plans

were made to overlap the Mace Head data with new measurements to be made at

Adrigole during May-July, although Simmonds was concerned about how well the

HP5840 at Adrigole will function after having been shut down for two years.

Rasmussen promised to supply a calibration tank to Adrlgole within the next

month. On the subject of calibration tanks, Rasmussen reported that the

difficulties in producing new tanks appear to have been resolved and that new

tanks should be available in about 3-6 months. In the meantime, the old tanks

are belng recycled, although they are not standing up well to this process.

Crawford reported that the new building at Cape Meares, Oregon was

installed at the end of January. The installation was completed within 8

days. The only problem has been with the new air conditioner, which is being

replaced this week. The measurements in the new building have been excellent,

except for diurnal noise in the data due to the air conditioner problem. In

particular, the methane data look especially good now. As part of the new

facility, weather data are being obtained at the site.



Crawford made a site visit to Samoa in January and discovered that the

UPS was not operating. As a result, the HPSB80 had been going on and off

several times per day_ causing a host of problems. The UPS was shipped to the

manufacturer for repair, and Crawford re-lnstalled it in mld-March. The

problems with the UPS at a number of stations led to a general resolve to

investigate ways to improve this situation. Similar concerns about the zero-

air generator were also expressed. Rasmussen expressed dissatisfaction with

the continuing lack of cooperation from NOAA at Samoa, and the group agreed

that this was a problem. Finally, Crawford noted that, as in Barbados, the

carrier gas at Samoa had saturated the mole sieve, and the nafion drier was

also saturated. These problems were corrected during his maintenance visit.

Fraser presented a detailed written report about the status of the

Tasmanian station. One item that engendered a lengthy discussion was the

problem being experienced in obtaining N20 measurements, which have become

quite noisy during the last year. A number of possible sources for the

difficulty were discussed, with the most likely explanation being contaminated

carrier gases. Among possible solutions suggested was the use of coconut

charcoal in the mole sieve, but it was generally agreed that first priority

ought to be given to securing purer carrier gases.

On general experimental toplcs, the group viewed with satisfaction the

overall improvement in the precision of the methane measurements being made at

the GAGE stations. Fraser expressed concern, however, about the constraint

currently imposed by having only three significant figures from the HP5880s

for the CH 4 integration. Although this still Implies a precision that is

sufficient for the GAGE goals, it will eventually be desirable to have
q

additional resolution. This matter will be investigated further. The

difficulty in continuing to obtain Porasll D was also discussed, and despite

problems with tracking down the source for this material, efforts will still

be made to do so.

The first session of the meeting adjourned at l:00 p.m.



II. The meeting resumed at 2:30 p.m. with a review of data action items left

from the last meeting. Listed below are thoses action items that still

require attention (letters in parentheses refer to the list from the minutes

of the Fourth Meeting of GAGE Scientists):

(A) 5840 data

Barbados

(a) Tank 246 to be rechecked for CC14, since in and out values differ greatly

(item b)

Tasmania

(b) Ensure that January 1985 N20 data have been deleted (item f)

(B) 5880 data

Tasmania

(a) Record of comments regarding high values of FI2 during Sept. 20-25, 1982

to be checked to look for further explanation of this behavior (item c)

(b) Noise on F-IIS during December 1984 to be pursued by making sure that all

W integrations have indeed been removed and by removing all VP

integrations (item e)

(c) January 4, 1985, 11:18 a.m. and 4:16 p.m. CH3CCI 3 data to be checked

again (item f)
l

(d) April-June 1986: Check few low N20 values that resulted from hand

integration; also recheck key 7 FI2 values during this period (item h)

(e) Tank 324 in values to be included for everything except CC14 (although

tank was returned empty, Crawford cryotrapped the emptiness and obtained

reasonable values except for CC14) (item i)

Samoa

(f) Clues about methane precision to be sought further when new data are

returned (item m)

Barbados

(g) All CH3CCI 3 data prior to early November 1985 tank change to be
eliminated and values after tank change to be reinstated (item o)



(h) Late April 1986 N20 values to be dropped because of integration problems
(item p)

The following action items deal with new GAGE (HP5880) data for the

period July-December 1986:

Samoa

(a) Drop F-If3 during mld-June to mid-July

(b) Variability during December to be investigated further by checking key 7,

etc. in order to determine possibility of local pollution vs. _ross-
hemisphere flow."

Tasmania

(c) N20 to be redone by hand

(d) For all species, remove data during periods in October when cal tanks
were shut off

(e) Check F-If3 during October-December and either discard or replace

Oregon

(f) Somewhat noisier behavior of F-IIS in December to be checked

Barbados

(g) Check all species during Dec. 5-30 when water problem existed

(h) Check F-lIP during August-October when it appears noisy

The first day of the meeting adjourned at 6:30 p.m. •

III. The second day of the meeting began at 9:15 a.m., Wednesday morning.

Alyea presented initial results of comparing HP5880 and HP5840 data during the

periods of overlap at the various stations. A number of suggestions were

offered for further quantitative comparisons, which will be needed for a paper

being prepared by Fraser on this subject

Attention next turned to the status of papers being prepared for formal

publication. Rasmussen indicated that the data analysis has been completed

for the N20 paper and that a draft of the manuscript is being prepared by

Khalil. Prinn circulated a new draft of the CH3CCI 3 paper and asked that



comments be given him quickly, since he plans to submit the paper to Science

shortly. Cunnold also circulated a new version of the CCI 4 paper, and a

lengthy discussion ensued regarding the best approach to deal with the

nonlinearity in the CCI 4 production trend. Finally with regard to papers, it

was agreed that Fraser will take the lead in producing a FII3 paper that will

combine the longer record at Tasmania wlth the shorter records at the other

stations. The subject of absolute calibration values for FII3 will be placed

on the agenda for the next GAGE meeting.

The next meeting of GAGE scientists will take place at a Pacific North-

west locale during November 9-20 to allow the team to visit the new Cape

Meares station. Rasmussen will serve as the local host and flnallz_ arrange-

ments. It was agreed to hold the following meeting in Hay 1988 in the

vicinity of the new Mace Head, Ireland station. Simmonds will report details

at the next meeting.

Prinn noted that Dixon Butler of NASA had indicated that renewed funding

for GAGE need not require peer review, and Prinn suggested that Rasmussen

inquire whether this also included the experimental components of GAGE as

well. Simmonds received encouraging news from NOAA and CMA regarding

continued funding for Mace Head for the next I-2 years. The impact of the

_ewly organized EROS project on the future of GAGE was discussed next.

Although originally intended to deal with aerosols and short-lived trace

species, EROS seems to have expanded to incorporate some of the goals of

GAGE. The group felt it would be useful to obtain further information about

EROS and will discuss this at our next meeting.

The addition of CO measurements to GAGE was briefly discussed. Rasmusson
¢

indicated that he had received some support from NSF to investigate the

feasibility of measuring CO (among other species) and was now preparing a

larger proposal to NSF to implement such measurements at three Pacific

locations. It seems reasonable, therefore, to consider a GAGE proposal to NSF

to include the GAGE Atlantic sites and Tasmania in such a program. This

subject will be explored more fully at the next GAGE meeting.

The fifth meeting of GAGE scientists formally adjourned at 1:15 p.m.

Informal subgroup meetings were held during the remainder of the afternoon and

into the next day.





AGENDA

Minutes of the Sixth Meeting of GA GE Scientists

Salishan Lodge, Oregon

November 17-19, 1987

I. The meeting began on Tuesday, November 17 at 9:15 am with the following GAGE scientists in

attendance: Prinn, Alyea, Cunnold, Simmonds, Fraser, Crawford and Rosen.

The minutes of the previous meeting were accepted without change, and attention turned to

reports on the present status of the stations. Simmonds reported that the last several months have

been a disaster at the Ragged Point, Barbados station, necessitating an emergency visit there in

August. Among the litany of problems: the zero-air generator blew up, the on-line calibration tank
ran out because of caretaker error, the UPS has proven to be worthless, and flame photometric

detector problems have yielded less than optimal CH4 measurements. Most of these problems
have now been resolved, although it took all of Simmond's remaining budget to do so. A new

caretaker (Peter Sealy) has been hired. Although these problems resulted in a loss of _ 1 month
of CHsCCI3 and CCI4 data, most of the fluorocarbon data was not affected. Difficulties with the

CH4 measurements still remain, however. Simmonds also reported that the AEROCE program

was starting a major construction project at Ragged Point.

In contrast to the problems at Barbados, the Macehead, Ireland station has been behaving

wonderfully. Simmonds reported that good data have been obtained since March 1. A good
caretaker has been found, and relations with the nearby University College are excellent. AEROCE

is also building a station at Macehead, upwind of us. Elsewhere in Ireland, Simmonds managed
to restart the old Adrigole HP 5840, but only after considerably overhauling the instrument. The

silicone channel is not functioning, but he hopes to acquire at least three months of data on the

Porasil channel to overlap with the Macehead measurements. A preliminary comparison of data

from the two sites is very encouraging, showing that they are both sampling the same air masses.

Crawford reported that the Cape Meares, Oregon station had experienced a number of prob-

lems, because of a lack of temperature stability inside the building. A newly installed indoor

temperature sensing system seems to have solved this difficulty. Methane measurements continue
to be noisier than desired, however. Weather instruments have been added to the station, and

information from these will be included with the species data. Finally, a break-in did occur at the

building, but damage was slight.
Crawford visited Samoa earlier this month and everything is currently in good working order,

including the zero-air generator and the UPS. In this latter regard, power on the island has been

relatively stable of late, although Crawford does not expect this situation to last long. One area of

concern has been the tendency for water to break through the Nation drier, leading to measurement

error. This situation is being remedied, however.

Problems because of the Nation drier were major items in Fraser's report for Cape Grim,

Tasmania. In this case, contrary to protocol, the drier had not been replaced for three years, with
the result that recent measurements for the fluorocarbons appear to have been somewhat adversely

affected. With the replacement of the drier on May 4, an immediate improvement in all species

was observed. Fraser also reported that no data were obtained between July 1 and August 14,

because of the lack of calibration gas. A calibration tank was mistakenly delivered to a private

firm in Sydney, but it did eventually arrive at CSIRO. A zero-air generator was installed on July

12, and the sample loop valume for CH,L was increased on July 29. Further details regarding the

Tasmanian station are included in a report distributed at the meeting by Fraser.



On more general experimental matters, Crawford reported the welcome news that the new
calibration tanks are performing well and are being stockpiled. With regard to obtaining enhanced

CH4 measurement precision from the HP 5880s, contacts with Hewlett-Packard engineers have

not proven useful. Fraser indicated that he may pursue this matter further. Attempts to locate a

source for more Porasil D have also not been successful, but Prinn agreed to continue to pursue

this matter further and to inform Simmonds of any leads. Finally, it was generally agreed that

the UPS's have been a major nuisance and expense, and any improvements in this technology (if

it can be labelled such) would be very welcome.

Times and locations for the next two GAGE meetings were agreed to. The Seventh meeting

will be held at the Cashel House Hotel near Galway, Ireland on May 9-11, 1988, with participants
arriving on Sunday, May 8 and departing on Thursday, May 12. Simmonds will be the host. The

Eighth Meeting will be held on November 12-13, 1987 at the Healesville Country Club, Melbourne,

Australia with Fraser as host (the IGACP meeting is Nov. 7-11 and the SABOAC II meeting is

Nov. 14-18 so people will be able to attend these Australian meetings also).

The first session of the meeting adjourned at 1:00 pm.

H. The meeting resumed at 2:15 pm, with Rasmussen joining the group shortly thereafter. A

lengthy and frank discussion of OGC's future role in GAGE ensued, precipitated by a number of

indications that Rasmussen's interest in, and commitment to the program appears to have waned

in recent years. For example, the ]720 paper which was the responsibility of OGC still had not
been produced, and Rasmussen recently attempted inexplicably to withdraw his name from the

CHsCCI3 paper without contacting any of the authors. The GAGE team members each expressed

their distress about this behavior to Rasmussen, who then apologized for his behavior. The group
agreed to turn responsibility for the N20 paper over to Prinn and Cunnold. Rasmussen indicated

his desire to continue in GAGE, feeling that his personal contribution could best be in the direction

of improving or developing new measurement techniques for gases of present and future interest to
GAGE.

Discussion next turned to the data. A major milestone was celebrated when Alyea distributed
computer disks containing finalized values of all the HP 5840 data recorded at the ALE station

network. The ALE measurements program can now be said to have been completed! As for GAGE,

a review of the data collected through June 1987 yielded the following action items.

Macehead, Ireland [NB: This marks the debut of data from this new station]

1. January-June 1987: Values associated with calibration tank 121_ to be adjusted to remove
obvious step jump (See also point 5 below).

Rae_ed Point. Barl_adQ_

2. December 1986-1ate February 1987:CH4 values to be dropped because of water contamination

problem. Simmonds to provide December date that marks the start of this problem.

3. January-February 1987: Simmonds to check CH3CCls, CCI4 and some F - 11 data that

appear also to be affected by water contamination problem.

4. June 1987: Simmonds to check on denticulate behavior of CCI4 and odd behavior of other
species.

Cape Meares, Oregon

5. July-December 1986: F- 11 S and F - 11 P driftedapart dramatically. Rasmussen and

Crawford to check for possibilityof co-elutingspeciesin some of the old calibrationtanks.

[NB: The differencebetween F - 11 S and F - 11 P isapparent in a number of other cases



at other stations as well. Although these have not all been singled out as individual action

items, the result of this Oregon case will be applicable to them. Alyea will provide statistics

of the occurrence of this behavior].

6. December 1986-July 1987: Monotonic nature of step jumps in CC14 associated with calibra-

tion tank changes to be investigated. Rasmussen and Crawford to check heritage of secondary

and primary standards. [NB: This problem has also been observed for some other stations].

7. Early December 1986: Alyea to label data during this period as pollution.

Point Matatula. Samoa

8. June-December 1986: F- 11 S and F - 11 P differ greatly during regime of calibration tank

025. (See point 5 above).

9. January-early March 1987: F - 12 erratic behavior (because of wet Nation drier) to be elim-

inated.

10. Early February-mid March 1987: F - 113 and CH3CCI3 erratic behavior (because of wet

Nation drier) to be eliminated.

Cape Grim Tasmania

11. 1985: Incidents of F - 113 erratic behavior to be rechecked by Fraser.

12. October-December 1986: F - 113 hand jobs to be assessed by Fraser.

13. July-December 1986: Alyea to process N20 values done by hand and provided by Fraser.

14. January-May 1987: F - 113 to be measured by hand, depending on results obtained for point

12 above.

15. Middle February-early May 1987: Eliminate automatically integrated F- 11, F - 12 and

F - 113 data, because of Nation drier problem.

16. January-June 1987:1720 to be redone by hand, depending upon success of results obtained

for point 13 above.

The first day of the meeting adjourned at 7:30 pm.

III. The second day of the meeting began on Wednesday, November 18 at 9:10 am with Prinn,

Alyea, Crawford, Cunnold, Fraser, Simmonds, and Rasmussen attending. Someone resembling

Rosen was seen on the golf course but this could not surely have been_him.

Alyea had already distributed 3 discs containing the complete and final ALE (HP 5840) data

set to the group. A separate tape/disc compilation will be available for GA GE data. It was agreed
that while the co-addition of ALE and GAGE data used in the recent Science and J. Atmos.

Chem. papers is the desirable merging strategy for ALE/GAGE papers we would not produce

such a merged data set for outside users.

Khalil did not attend to discuss whatever progress he may have made on the ALE/GAGE

1720 paper and this (together with his absence the previous day) was taken as a formal resignation

on his part from the ALE/GAGE group. Pursuant to the previous days discussion, Prinn and
Cunnold will take over the writing of the N20 paper and will present a draft at the next meeting.

This also means that Khalil will not be able to utilize any ALE/GAGE data in any independent

1720 paper he may wish it write.

For the HP 5840/5880 overlap paper, Cunnold presented a proposed outline. Discussion led

to the conclusion that this paper should cover overlaps at all stations, address a variety of time

scales depending on the station (Cape Grim obviously has the longest overlap), discuss the role of



calibration tank and carrier gas changes on variability, and address the advantages of high frequency
for identifying and interpreting polluted air. A draft will be available at the next meeting.

Rasmussen then led a discussion on ways in which the calibration tank changes might better

be made to provide additional information on the small jumps due to the changes. It was agreed

that an intercomparison between the incoming and outgoing tank before the standard 4-monthly

instrument--reconditioning procedures should become a part of the standard procedure for station
visits.

Fraser discussed some aspects of the GAGE F - 113 data as a precursor to work on a paper.

While GAGE fractional trends agree reasonably well with those of a Japanese group (Makide et

a/.) the Japanese absolute values are 30% larger than GAGE values. Prinn mentioned that Ray

Weiss and he may be proposing shortly to do an independent calibration of several atmospheric

halocarbons which may shed light on the discrepancy. Fraser next discussed emissions and noted

that the recent Montreal international fluorocarbon agreements should ensure that F - 113 indus-

trial production will be available; he will send some preliminary numbers to Cunnold and Prinn

for 2D and 3D model runs which will provide information on lifetimes and absolute calibration.

For the NASA 1987 Ozone report, it was agreed that we would make available graphs through

June 1986 of: F - 11 P (not F - 11 S), F - 12, CH3CCl3, CCl4, and N20. AJyea will send

photos to Fraser and all other GAGE folk. The graphs should be labelled preliminary data and

acknowledge all GAGE folk by name in the captions (as in the 1985 NASA report).

All 4th year GAGE funding from NASA is apparently approved. NOAA is supporting Bar-
bados for 3 years beginning Sept. 1987 but definite CMA support for this station is for 1 year

beginning Nov. 1987. DOE (UK) funding for Macehead is for 2 years beginning Nov. 1987.

On possible new GAGE sites, Crawford reported that an old ALE HP 5840 has been recently

sent to the USSR and he will go to Lithuania to attempt to set it up ver) soon (there are hints
that _Ivan mmay have already damaged the instrument). Prinn reported an enquiry to him from

Wolfgang Seiler about setting up a GAGE station at Cape Point, S. Africa. There was discussion

of the effects of proximity to Capetown (15 miles) and to a bird rookery. No firm conclusions were

reached on this subject.

On the subject of possible GAGE CO measurements Rasmussen reported that he was sending

a proposal to NSF to do CO real-time at Oregon and Samoa using the Trace Analytical detector.

Fraser noted that there is already a Trace Analytical instrument at Cape Grim. Prinn noted that

it would be sensible to wait until these real-time instruments are proven reliable in the field before

proposing expansion to Barbados and Macehead. Alternative (spectroscopic) CO techniques need
to be looked at also.

The interface between GAGE and AEROCE at Macehead and l_agged Point was discussed

next. Prinn noted he had sent a letter to Joe Prospero concerning possible sources of contamination

for GAGE and that he felt that the AEROCE people would be very responsible and responsive

to the contamination and other potential problems. The proposal by Oltmans (NOAA) to add

a Dasibi ozone instrument to the GAGE hut in Barbados led to a discussion led by Simmonds

of whether the present building was adequate for this. In particular: is the air conditioning

adequate?, will there be problems with the power supply?, will there be inadvertent disturbances

by one operator of the other operator's instrument?, and finally, how much longer will the present

building (which is rotting) last? It was decided to propose to NOAA that if the present GA GE

building can be replaced by a somewhat larger and suitably partitioned (GA GE/Oltmans) building
with the requisite air conditioning, power, and space requirements then cooperation with Oltmans

would be entirely agreeable to the GAGE scientists.

The formal meeting was adjourned at 12:55 pm and informal subgroup discussions on a variety

of topics filled the remainder of the day.
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Minutes of the Seventh Meeting of GAGE Scientists

Ballynahinch Castle, Co. Galway, Ireland

May 9-11, 1988

I. The meeting began on Monday, May 9 at 9:15 am with the following GAGE scientists in

attendance: Prinn, Alyea, Cunnold, Simmonds, Fraser and Rosen.

The minutes of the previous (sixth) meeting were approved, but for one minor change, after

considering them in light of Rasmussen 's written comments. By unanimous vote, the group reiter-

ated its view expressed in the minutes of the sixth meeting that Dr. Khalil is not to be considered

a member of the GAGE team and, therefore, not privileged to access unpublished GAGE data.

Alyea reported that he has not formally prepared any tapes containing GAGE HP 5880 data,

because these data have yet to be completely finalized. The lack of tapes has posed a problem

for group members trying to analyze the species time series, but the group was sympathetic to

the demands on Alyea's time that creating preliminary tapes would involve. On a related matter,

Alyea noted that budgetary constraints have posed a large burden in dealing with the vast amounts

of GAGE data. In light of this situation, it was agreed to reduce the data processing task by not

attempting to fill in measurements by hand when the chromatography fails, except when one week

or more of automatic observations are missing.

Sirnmonds presented the results of a comparison of daily measurements made at Adrigole

and Mace Head during September-December 1987. Overall, the agreement was excellent, thereby

offering important support for the decision to reestablish an Irish station. The group offered

its congratulations to Simmonds for successfully completing the hard work involved in this task.

Fraser distributed plots of monthly means of the two stations since 1978, which demonstrated that

the new Mace Head measurements are consistent with the trend observed in the old Adrigole ALE

data.

The rest of the first session was devoted to an in-depth discussion of the manuscript drafted by

Prinn about the N20 ALE/GAGE data. The need to undertake a number of further calculations

was highlighted, and remaining tasks were assigned to co-authors. Prinn asked everyone to respond

with comments about the manuscript and to sign the agreement to be a co-author by 1 July.

Crawford joined the meeting at 12:45 pro, and the first session adjourned at 1:45 pro.

II. The meeting resumed at 2:40 pm with further discussion of the N_O paper. After completing

this item, Crawford distributed a note from Rasmussen expressing his regrets for not attending

the meeting because of illness. The note also indicated Rasmussen's plans for the upcoming year



in lightof budget cutsimposed, and directivesissued,by NASA. Rasmussen's note alsostatedhis

intentto produce a manuscript on the stabilityof the calibrationtanks beforethe end ofthe year,

followinghisletterof 16 December to the group. The group expresseditspleasureat thisplan,as

well as itskeen interestin seeingthe time seriesplotsfor CCI4 and N20 calibrationsas soon as

possible.

Continuing with the topicofmanuscriptsinpreparation,Fraserreported thatbecause ofother

commitments he had not made progresson the paper comparing HP 5880 and HP 5840 data. He

hoped to have a rough draft of thispaper ready for the next GAGE meeting, however. Plans for

a paper on the GAGE measurements of F - 113 were alsodiscussedby Fraser. Our preliminary

data for thisspeciesindicatea trend that isconsistentwith other estimates.Outstanding issues

includethe absolutecalibrationvalueforF - 113,forwhich thereiscurrentlylargedisagreement.

Intercalibrationswith Makide, and possiblyothers,is planned for laterthisyear. Also, more

information about emissions of F - 113, beyond the globalnumbers contained in the UIN_P

report,willbe gathered by Simmonds and others. It was agreed, however, that the F - 113

manuscript should be given lower prioritythan the HP 5880 vs. HP 5840 paper.

The discussionturned next to funding matters. Prinn urged NASA granteesto submit their

renewal proposalsby June and to be aware of the possibilitythat the proposalsmay be subjected

to peer review. Rosen reminded the group that his NASA contractwillexpire in June, which

willmark the end of his formal involvement with the ALE/GAGE project. He did indicatehis

plans to submit an independent proposal to NASA thissummer to do researchwith the GAGE

data, and to includefunds in the proposalbudget to attendfutureGAGE meetings as a non-team

member. Simrnonds reported that the CMA willstop providingsupport forthe Barbados station

by October, and itisurgent,therefore,to findalternativesupport. Sin4monds willnotifyNOAA of

thisdevelopment, and an attempt willbe made to see ifNOAA can make up the remainder ofthe

monies now needed. The possibilityof support from NASA, or even NSF, willalsobe explored.

On positivenotes,Simmonds and Fraserreported that fundingforMace Head and forCape Grim

seems securefor the next couple of years,although Fraserindicatedthat he needs to continue to

obtain some additional industry support for his efforts.

Crawford next reported on his visit to Estonia, USSR, and his installation of an HP 5840

there. Although the instrument was set up in November, measurements from this site have yet

to materialize, perhaps because of severe power problems at the station. The group agreed that

when such data became routinely available to the GAGE team, it would be appropriate to invite
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the Sovietscientiststo a GA G/_ meeting.

The last item attended to at this session was to agree upon the venues for the next two

GAGE meetings. The upcoming meeting will be held at the Peninsula Country Golf Club south of

Melbourne, Australia on November 11-13. Attendees should plan to arrive on Thursday, November

10 and to depart on Monday, November 14. The following meeting will be held in the Boston area

in May 1989.

The first day of the meeting then concluded at 6:00 pm.

III. Business resumed at 9 am on Tuesday with a review of the data from the stations for 1987.

In light of the large amount of data now being considered in GAGE, a new protocol for recording

action items on data problems was agreed to for all data taken beyond June 1987. This protocol

requires each experimentalist to note the action items on the plots of his station's data record and

to provide a copy of this material to Alyea.

Upon examining the January-June 1987 data for the second time, the following action items

remain for each of the stations:

Mace Head, Ireland

1. Jan 1987: All measurements to be marked as pollution events.

2. late June 1087: Simmonds to correlate low CHsCCIs values with on-site O3 values.

3. mid-June 1987" Simmonds to check high CHsCCI3 values

4. Tank 121 values for CCI4 to be adjusted.

Ragged Point, BarSados

5. June 1987: Denticulate behavior of F - 11, F - 12 and other species to be re-examined, along

with the dip in NjO.

6. January 1987: Eliminate the rest of the CCI4 and CFIjCCI3 data, because of the Nation drier

problem.

7. January 1987:CH4 values to be reassessed, provided Rasmussen can provide contemporary

flask values.

Point Matatula, Samoa

8. mid-January 1087: Eliminate F - 113 and CHsCCIs, because of Nation drier problem.

Discussion of the action items from the previous meeting related to the F - 11S and F -llP

differences and to the CCI4 step jumps was delayed until the next day.



The meeting adjourned at 1:00 pm to allow the group to visit the Mace Head Station. Thomas

O'Connor, who had joined the meeting in progress at 11:00 am, graciously hosted the group at the

site. The group greatly enjoyed its visit and enthusiastically supported the selection of this facility

as a GAGE station.

IV. The meeting resumed at 9:00 am on Wednesday morning with Crawford describing the

history of the calibration tanks in order to provide background information for the discussions to

follow. Given the complexity in the lineage of the tanks, it became clear that a certain amount of

subjectivity was involved in assigning values to them. Crawford then made a lengthy presentation

of his investigation into the source of the recent disagreement between F - llS and iv -llP at

some stations. Based on an extensive series of experiments at Cape/vfeares, Crawford was able

to trace the problem at these stations to the presence of a large difference between the species

concentration in the calibration tanks and ambient air, combined with a nonlinearity in the HP

5880 instrument F - 11 response. It was agreed, therefore, that in the future every attempt should

be made to ensure that calibration tanks used at stations always contain tabour" the same amount

of each species as the air being measured at the stations. The precise criterion will be determined

as tne result of a field experiment that was also agreed upon. In this experiment, Crawford will

create four flasks at OGC with a range of species concentrations (e.g., ambient, to ambient minus

60 pptv, for F- 11), and these will be shipped to the stations to be measured against the calibration

tanks there. An outcome of this experiment will be to determine a correction factor to be applied

to fix the F - llS/F - liP offset problem where it occurred.

As for the CC'14 problem, Simmonds suggested that it may be due to other sources; such as

absorption in the calibration tanks. The above "four-flask" field experiment will include eel4 and

further consideration of this problem will be needed if this field experiment is inconclusive with

regard to CCI4.

At this point, discussion returned to the action items for the last station to be considered,

Gape Grim, Tasmania

9. mid February - early May 1987: Eliminate F - 11, F - 12 and F - lI3 because of Nation drier

problem

10. mid May 1987: Check to see if spread in F - 113 values can be reduced by hand integration

11. October-December 1986: Drop F- 113 values.

It was also noted by the group that the measurements of F - 113 and N20 at Tasmania are
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stillsufferingfrom poor precision.Fraseragreedto send chromatograms showing the problem to

Crawford, and Simmonds willsend Frasera differentcolumn to try to improve the N20 situation.

The sessionadjourned at 1:15pro.

V. The finalsession,which began at 10:15pm on Wednesday night,was devoted to reportson

the presentstatusofthe stations.At Cape Grim, Fraserreported,therehave been a largenumber

ofpower outages,with the event of 3 March causing the instrument to be locked intoa mode that

preventsitfrom automaticallytransferringitsdata to the computer. Although ithas been possible

to save thesedata by manually recordingthem, thislabor-intensiveprocesscannot continuemuch

longer,and effortsare being made to fixthe problem. Because of a problem with venting of gas

from the calibrationtank, itwas necessaryto turn offthe machine on 12 April untila replacement

tank isinstalledsometime during May. Fraserprovided hisusualcomprehensive written reporton

Cape Grim inadditionto the above oralcomments.

Crawford reported that the instrument in Samoa iscurrentlyrunning but not optimally.He

visitedthe sitein March, but sincethen a board became defective.Itwillbe replacedduring his

next sitevisitin June. The UPS at Samoa isonly marginally healthy,and ambient airmeasure-

ments are beginning to show occasionalsignsoferraticbehavior.Crawford alsoreported that the

Cape Meares stationhas been running welllately,with no break-ins.

At Mace Head, Simmonds reportedthat,forsome unknown reason,the precisionofthe F - 12

(and N20) measurements has deteriorated, although hand measurements of the chromatograms

may improve this situation. An overhaul of the system is planned to remove possible contaminants

from it. The station at Barbados required an emergency visit, because of a variety of problems

with regulators, boards, etc. In particular, the CH4 data became quite noisy, because the FID

was generating electronic interference. Simmonds replaced the FID,,and although this solution

appeared to work, we are currently not getting any CH4 data there, for an unknown reason.

The seventh meeting of GAGE scientists then formally concluded at 11:55 pm.





Minutes of the Eight Meeting of GAGE Scientists

Peninsula Country Golf Club, Frankston, Victoria, Australia

November 11-13, 1988

(1) The meeting began on Friday, November 11, at 9:00 am with the following GAGE

scientists in attendance: Drs. Prinn, Crawford, Alyea, Fra_er, and Simmonds.

The minutes of the previous (seventh) meeting were approved as written. The agenda

for the eight meeting was rearranged somewhat from the one distributed to allow Dr.

Prather (NASA) to be present when the latest GAGE data was reviewed.

Crawford described the currently available results of the _four-flask _ experiment which

was designed to quantify any non-linearity in instrumental respond at each of the GAGE

sites. For Fll the Cape Meares and Samoa instruments showed non-linearity below about

240 pptv while the instrument at Mace Head and the Perkin-Elmer at OGC were essentially

linear throughout. For FI2, FI$, and CH3CCIs on these instruments there is no evidence

for non-linearity. Some non-linearity is apparent for N20 but the difference between air

and calibration concentrations is generally too small to make this a consideration. For

CCI4 the small flasks appeared to produce instability so the experiment is not definitive

for this species. The _four-flask _ experiment has not yet been carried out at Cape Grim

or Barbados but it will be done in the near future.

Based on the data available and subject to the results from the remaining two in-

struments yet to be evaluated, general correction formulas were devised to slightly adjust

a posteriori the assigned calibration tank values" for those tanks where the difference

between air and calibration concentrations was sufficient to ma]_e non-linearity a consid-

eration.

Next the group move to a general discussion of the status of calibration in GA GE.

Due to the general exhaustion of the old _primary _ standard tanks (e.g. BY1, 003, etc.)

_daughter primary _ tanks have been used in the last couple of years to calibrate the "sec-

ondary _ tanks sent to the sites. It was agreed that it was time for an in-depth check of the

accuracy of this new procedure by a "direct comparison ezpcrirnent _ in which selected sec-

ondary tanks would be compared directly to a remaining healthy primary tank (specifically

002). Preliminary work by Crawford along these lines has indicated that corrections to

the CC14 values assigned to certain secondary tanks are required and he will now proceed

to assess whether corrections are also required for the other GAGE species.



Due to the fact that the N20 9-year paper has considerable urgency Crawford agreed

to first address N20 in the above direct comparison experiment. Also the general impor-

tance of the calibration issue together with the fact that NASA has asked GAGE to submit

a full new proposal next June led the group to agree to meet two months earlier than the

usual May time frame with the exact time and place (Boston or Oregon) to be decided be-

tween Prinn and Crawford. The meeting after that will be in the usual October/November

time frame and will be in Georgia with Alyea as host.

Further on the calibration issue, it was agreed that each Station Scientist should pos-

sess enough of his own tanks at (or available for) each site so that temporary "tertiary

standards n can be made from the on-site secondary standard in the event that new sec-

ondary standards do not arrive from OGC on time. This would eliminate the possibility

of significant data gaps due to late arriving tanks or other eventualities.

Discussion then moved to interactions between GAGE and other groups. Crawford

gave an update on the Soviet operation of the old ALE HP 5840 in Estonia. Communication

between Koropolev and Crawford continues, Koropolev has done some flask sampling, but

there is still no real-time data. The group reiterated its statement made at the previous

meeting that Koropolev would be invited to attend a GAGE meeting only after he has

real-time data to contribute.

Aeroce has moved into both Mace Head and Ragged Point. Simmonds will explore

the possibility of moving the GAGE air intakes to the top of the Aeroce towers at each

site. At Ragged Point the Aeroce tower is up and the building is up. Oltmans has not

installed an ozone instrument yet at this site. At Mace Head the new road is in and the

new tower and van will shortly be in. Irish funding for a small building is available (about

20' × 14'). At the next meeting we should discuss whether GA_E should move into this

new Irish building. Continued vigilance and caution will be necessary to see that Aeroce

operations do not contaminate GAGE measurements.

Concerning Samoa, Prinn has approached NOAA (Albritton, Elkins) to ask when

GMCC will be ready to do a double-blind intercomparison of their real-time Samoan data

with GAGE Samoan data. No official reply has been received but it is apparent that

there are continuing problems with GMCC's real-time network which have not yet been

resolved. This conclusion was corroborated by Crawford's very limited observations of

GMCC operations at Samoa. The GAGE team has been ready to compare for the past

year so the delays in timing of this crucial comparison are totally in GMCC hands.

The group recessed at 3:00 pm and reconvened at 7:00 pro. Prinn distributed copies of



his second draft of the ALE/GAGE N20 paper. He emphasized that the major conclusion

from the first draft-namely that fossil fuel combustion alone cannot explain the gradients

and trends in N20 - still stands. The paper is in near final form but some more urine -

tuning _ model runs are needed and the issue of the validity of calibration for the last 2

years of the 9-year N20 record needs to be checked as discussed earlier. If necessary a pa-

per addressing only the first 7 years will be submitted. Work continues on the instrument

intercomparison paper but no manuscript is in sight. Fraser and Prinn discussed some

preliminary work they had done toward an Fl18 paper : namely a calibration intercom-

parison (Makide, Cicerone, Penkett, GAGE ) to be carried out by Fraser, and 3D model

Fl13 lifetimes and emissions computed by Prinn and Golombek. Currently it appears that

the best estimate for the calibration factor for Fl13 is around 1.4.

The Friday meeting adjourned at 8:00 pro.

(2) The second day of the meeting began at 8:30 am and the group was joined by Dr.

Prather representing our NASA sponsor.

Work began immediately on a review of the data at each station beginning with the

latest 6 months (January-June 1988) and working back first to discussion of action items

for the July-December 1987 data and then earlier data.

A. The action items for Barbados are:

1. Mid-to-end of June 1988 - check all species

2. April 1988 - first week of data. No calibrations?

3. June 24, 1988 - reason for Fl13 negative dip?

4. November 1986 - February 1987. Are the low methaz)e values perhaps due to

water problems? Test FID sensitivity with water saturated system to determine

possible water correction factor?

B. The action items for Mace Head are:

1. Dip in all species from March 1-15, 1988 to be investigated.

2. Look at methane in second week of June 1988.

3. Look at very high methane value on March 28, 1988.

4. Also look at large slope in methane data beginning March 24, 1988.

5. Remove N20 pollution in early October 1987, and end of October through early

November 1987, and early December 1987. Also check whether July 20 was a

pollution episode.



6. Insert correct values for tank 121 in the 1987 data.

7. Check Fl13 from August 20-September 20, 1987. Also check December 1987

which has low FIIS.

8. June 1987. Check four or five very high CH3CCls values.

C. The action items for Samoa are:

1. Remove Nation-related problem data up to February 25 in 1/88 to 6/88 data.

2. Remove Nation-related problem data up to June 9 in 1/88 to 6/88 data.

3. 'Why does Fll change for the worse on February 26 19887

4. Check all Fll high values in 1/88 to 6/88 period

5. Why no data 12/10/87 to 12/31/877

6. Delete one point at end of September 1987 for FIP_

7. Make sure N20 data is deleted along with other data in October 1987.

8. Hand measure Fl18 in July 1987.

D. The action items for Cape Meares are:

1. Check tank change 341-350 in 1/88 to 6/88 period. Note FIR drop.

2. Check tank 341 for possible drifts affecting 7/87 to 12/87 data.

3. Check bad methane in July 1987

E. The action items for Tasmania are:

1. For Fl18 in all of 1987 try manual measurements again taking 4 points each day.

In the future try temperature programming and make sure peak is attenuated to

ensure good peak height for ruler measurement.

2. For N20 check on March 10 1988 for possible pollution.

3. Jumps between tanks 343-351 to be checked.

As an extra data item Simmonds presented the results of the few month overlap of

the ALE HP 5840 at Adrigole and the GAGEHP 5880 at Mace Head. The correlation was

very high and assures us that the records at Adrigole and Mace Head can be considered

closely comparable.

The meeting then proceeded to the station reports. At Mace Head Simmonds,

reported that there has been relatively few problems with only the occasional power failure

disrupting data collection. The problem with poor F12 and N20 chromatography resolved

itself when the carrier gas cylinder was changed. The only real problem resulted from

a delay caused by Customs in obtaining a calibration tank. No calibration data was

consequently acquired from July 30 1988 until August 23 1988 when the new tank was

installed. The Aeroce road was constructed beginning 1987 through 1988 and runs between



the present GAGEsite and the AEROCE shoreline site. Aeroce plans to install their tower

and laboratory at this shoreline site in the Spring of 1989.

All of the problems with the methane analysis at Barbados were resolved during

the site visit in early June 1988. The methane analysis since then has been excellent. A

new problem developed in mid-July 1988 when the valve on the silicone channel failed to

inject samples. At first this was thought to be caused by a leaking air actuator. However,

installation of a new air actuator did not fix the problem. During an emergency site visit

in the first week of September the S-channel gas sampling valve was replaced restoring

correct operation of the S-channel. As a result of this valve problem about 7 weeks of

S-channel data was lost. Calibration gas ran out in October 1988 with about a 3 week

delay in obtaining the replacement tank which was held by Customs due to lost paperwork.

The station was repainted and a new door fitted during the September site visit.

At Cape Meares Crawford reported that problems are developing due to aging of

the Porasil column. Simmonds noted that he will be attempting in the near future to

obtain a new Porasil-D supply for GAGE. High baseline noise in methane at Cape Meares

continues and it has proved difficult to isolate the problem - work is continuing. Power

failures are increasing at this site making the acquisition of an expensive UPS possibly

being required in the future.

At Samoa Crawford noted that the UPS is out and new boards and batteries have

been ordered. All equipment is presently on Island power (which is very poor) and we will

need to remain on it for 6-12 months. There is continuing praise from the Samoa site NOAA

personnel concerning the small amount of labor involved with GAGE equipment compared

to GMCC equipment. Nevertheless these personnel still find difficulties with replacement

of the GAGE Nation driers. Crawford has now installed a weather data gathering system

at this GAGE site.

At Cape Grim Fraser reported that a problem with the HP 5880 - GRIMCO interface

between March 3 and May 18 necessitated manual transfer of data to GRIMCO. Due to the

lack of a calibration tank no data was taken between April 12 and May 27. A number of

power failures occurred in the May-September time period. A Porasil D column provided

by Simmonds was installed on July 21 but did not unfortunately improve the N20 analysis

as hoped - the old column was reinstalled on July 27. A new molecular sieve column was

installed on July 26 giving some improvement to CH4 analyses. Additional information is

given in Fraser's written station report.

Several NASA-related issues were then discussed by Dr. Prather. First, the NASA



grants to MIT, Georgia Tech, and OGC have been approved for the November 1988 -

October 1989 time period but there is still apparently some paperwork to be done at the

OGC end to finalize the funding to OGC. NASA has agreed in principle to provide partial

funding for one year to help support the GAGE Barbados station with the remainder

to come from NOAA - details of the contract procedures still need to be worked out.

Prather discussed the desirability of a NASA-sponsored meeting in the April 1989 time

frame devoted to a discussion of future directions for GAGE. Both GAGE and non-GAGE

scientists would be involved. As noted earlier, a full proposal from all GAGE investigators

is needed in June. Prather also mentioned NASA plans for providing data from various

NASA _campaigas" (e.g. STEP, Antarctic ozone expedition, etc.) to outside users in the

form of compact discs. The GAGE scientists endorsed the idea of including all GAGE data

on these discs for public dissemination.

Finally, the discourse at various points during the meeting concerning certain problems

areas in GAGE (e.g. apparent lack of sufficient numbers of calibration tanks at OGC, the

need for a new look at long-term calibration procedures at OGC, etc.) led to a frank

discussion of ways of resolving these problems which will be considered in earnest over the

next few months.

The second day of the meeting was adjourned at 6:00 pm.

(3) On the third day (Sunday) Drs. Prinn, Fraser, Crawford, and Prather flew to Tasma-

via to inspect the Cape Grim GAGE facility.
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Minutes of the Ninth Meetingof GAGE Scientists
MassachusettsInstitute of Technology

March 15-16,1989

DAY 1

The meeting began on Wednesday March 15 at 9:00 am with the following in attendance

Alyea, Cunnold, Crawford, Fraser, Prinn, Rasmussen, Rosen and Simmonds. The minutes of the

eight meeting were approved as written.

Crawford presented the 6-month station reports for Cape Meares and Samoa. Ageing of

the Porasil-D is a continuing problem at Cape Meares. Some power failures have occurred and

there have been strong winds (the winds speed cups have sometimes been dislodged). The past

problems with break-ins have apparently ceased with the new disc locks. Baseline noise in CH 4

is still evident - the other species look OK. At Samoa the power is still unreliable but the NOAA

generator provides backup. Our UPS is working. The data generally appears of good quality. A

new director for the NOAA operations here is due soon (also a new ET). The station lease is to

be renewed in May. Local political problems may accrue with a new village chief appointment.

Simmonds presented the semi-annual status reports for Barbados and Mace Head. At Barbados

problems developed on January 16 on the Porasil channel where the sensitivity dropped by a factor

of two. The problem was finally corrected by a site visit on March 10 with replacement of a valve

rotor and a gas solenoid. The methane and silicone channel data appeared to be unaffected by this

problem. The station roof was replaced in January. The new caretaker at Barbados (Peter Seeley)

is very reliable and is doing very well. At Mace Head the instrument has performed very well

and there have been no major problems since January (the last site visit). The AEROCE tower

is expected to arrive in April or May. The new building nearer the shoreline is completed and

Simmonds anticipated moving the GAGE operations into this building during either the May or

September site visits. Mace Head was featured in a BBC program on the greenhouse effect in early

January!l! Fraser presented the Tasmanian report. A severe lightning storm caused a power failure

on November 21 - the station 22 Kv transformer was destroyed and replaced on December 7 and

the station diesel generator was used in the intervening period. Otherwise, Cape Grim data are

OK. Fraser reported that CSIRO has been offered space for a GC at Macquarie Island (55°S) and

suggested that we discuss the possibility of a GAGE station at this site - discussion was postponed

until the next meeting. Other details of the status of Cape Grim are available in Fraser's written

station report.

Following the station reports, discussion moved to some important experimental topics. First

the idea of overlapping calibration tanks was discussed. The new GAGE tanks (32£, 600 psi, with

new valve) ought to last for 6 months with 12 analyses per day or 12 months with 6 analyses

per day. Thus using two tanks alternately and replacing them every 12 months (but 6-months out

of phase) provides considerable protection against both lost data and large data '_jurnps" at tank

changes, and will improve considerably the definition of the annual cycle (since it is measured

against one tank). The group moved to adopt the procedure as soon as practicable. Rasmussen

noted that 20 of the new GAGE tanks were now available at OGC with this total increasing to 25

shortly - hence there are enough GAGE tanks to implement the scheme.



Next, the group discussed the dwindling global Porasil-D supply. Simmonds said he has

examined the patent and it may be possible to produce Porasil-D from A, B, or C by sintering with

Na20. He will pursue this. He also proposes to advertise the need in the Journal of Chromatography

(Rasmussen said he will do the same in some trade newsletters).

The discussion then turned to possible future instrument upgrades. Rasmussen and Crawford

suggested using a dedicated Porapak Q/ECD channel for N20 and moving CH 4 analyses to a

separate instrument. Fraser expressed reservations about the latter. Simmonds suggested using a

9-foot Porasil column to improve N20 analyses (CFC-12 would also be obtained but not CFC-

11). Prima noted that the next new compounds for GAGE to consider should be the hydrogenated

species CFC-22 and CFC-123 as these have lesser environmental impacts (shorter lifetimes) than

the current ones. Crawford and Simmonds led a discussion of methods for analysing these latter

two species - Simmonds will get samples for trial analyses prior to submission of the new GAGE

proposal.

Rasmussen unfortunately had to leave the meeting in the early afternoon of the first day.

During a brief discussion of funding matters Prima noted that although it appeared that the

6th year of NASA funding (1989-1990) was in hand, a new and complete proposal to NASA for

GAGE would be required in June 1990. The UK funding for Mace Head will be up for renewal

soon. Fraser reported no important known problems with future Cape Grim support from Australia.

Barbados will continue to receive joint NOAA/NASA support for the 6th year. Discussion then

moved to publications with Prinn distributing his third draft of the N20 paper. He noted that the

conclusions are still preliminary pending the results of the tests of the OGC working standards

to be discussed later in the meeting. Two other papers are being contemplated but no drafts are

available. Discussion then began on the HP 5880 data through June 1988 and continued into the

next day. The first day was adjourned at 5:45 pm.

DAY 2

The second day began at 9:00 am. The review of the data up to June 1988 produced the

following action items ("old" action items referred to here are listed in the minutes of the Eighth

GAGE meeting):

A. Barbados

1. (see old action item A4) - drop the last 5 or 6 days in November 1986 and through the

next calibration tank change in February 1987.

B. Mace Head

1. (see old B3 and B4) - Peter will recheck these CH 4 items (second week in June 88, also

March 28, 88) and advise.

2. (see second part of old B7) - check that the December 87 CFC-113 values have been

replaced.

C. Samoa

1. (see old C3) - remove the approximately 5 days of data (humps) in late February - early

March 88 occurring after major equipment changes.

2. calibration tank 355 to be checked.



D. Cape Me.ares

1. No action items.

E. Tasmania

1. (see old action items El, E2, E3) - these still have to be completed.

Discussion of some major calibration issues began with Crawford presenting the results of the

"8-flask" experiment for documenting the degree of non-linearity of all GAGE instruments. It is

apparent from these non-linearities that we are at the point where the concentration differences

between the primary OGC standards and the current atmosphere are large enough for some GAGE

species to warrant concern. This is true particularly for CFC-11 analyses where non-linearity

manifests itself as small but statistically significant differences between the S-channel and P-

channel analyses. A formula for correcting the CFC.g 3 data based on the non-linearity studies was

approved by the group to be used in cases where the difference between the uncorrected S and P

analyses exceeds 3 pptv.

Crawford also presented the results of the "direct comparison" experiment designed to test the

validity of the suspect post-1985 working primary standards at OGC. Crawford has now recalibrated

these working primary standards against the remaining original primary standard (specifically tank

033) at OGC and produced corrected values for all secondary tanks sent out to the sites. For some

compounds (e.g., N20) the corrections are small but for CC_4 in particular the corrections are

very significant. The group thanked Crawford for the considerable extra effort he put in to resolve

this problem.

Unfortunately, the data processing for all data from mid-1985 onwards will now need to be

repeated. Fortunately, our suspicions about the OGC standards led us to hold back from releasing

(or worse publishing) the post-1985 data until this problem was resolved. It was decided that N20

reprocessing would get priority so the N20 paper can proceed to submission to JGR.

A frank discussion then began about how to resolve a number of the on-going calibration and

other problems in GAGE and how to include these resolutions in the new GAGE proposal. The

possibility of bringing a new experimentalist to play a m_jor role in calibration was addressed

specifically. It was agreed that some major changes in the present structure are necessary to attain

the science goals. Prima agreed to begin the task of writing the new proposal and to explore the

possibility of introducing new players in GAGE.

The ninth meeting of GAGE adjourned at 6:00 pm.
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The meeting began at 9:00 am with the following in attendance: Alyea, Crawford, Cunnold,

Fraser, Pfinn, and Weiss. The group welcomed Ray Weiss who was about to join the experiment
ini_ new. version (tentatively named Advanced Global Atmospheric Gases Experiment). A
onet review of the minutes ot the ninth meeting resulted in their approval without alteration.

The following reports on the present status of the GAGE stations were presented:

(a) Mace Head (Simmonds) - Many problems (necessitating 15 site visits) occurred.

Contaminated gas tanks delivered in April 1989 caused several blocks of data to be rejected.

The AADCO air compressor failed in May 1989 and some methane data was lost..During an
emergency visit in June 1989 both valve rotors were replaced and a problem was discovered
with the valve actuators'- this ultimately caused destruction of the valves themselves. On July 9,

1989 the GAGE equipment was moved to the new building near the shoreline an.d the GAGE air
sampling line was relocated 30 ft up on the AEROCE tower. Another site visit m September
1989 to fix several mechanical problems revealed difficulties with the silicone channel ECD,

Sl_'iBeally, the detector sensitivity was deteriorating rapidly and a new ECD was ordered. This
new detector was installed during the October 1989 site visit. No calibration tanks have been

sent by OGC to this site since December 1988 and Simmonds expressed concern about this.

Only one tank at ,.400 psi is on. hand. The possibility of a salmon farm opening up off-shore at
Mace Head was discussed. _immonds and Prinn have both sent letters to Dr. O Conner
expressing concern about the effects of such a farm on GAGE.

_)nBarl_.ados (Simmonds). - no real problems in the last 6 months. Service visits were made in
u e aria tmtober 1989, Silicone valve rotors were replaced in October 1989. The ECD on the

Porasil channel which had become noisy was replaced by a recently cleaned and repaired ECD.
The building in Barbados is deteriorating and will soon need to be replaced.

(c) Cape Me, ares (Crawford) - at the time of Crawford's departure.from OGC in June the Porasil
column was deteriorating. Jim Mohan with help from Don Stems is apparendy now carrying out
Crawford's tasks at this station (fortunately the day-to-day caretaker Fred Thone is continuing).
With Rasmussen not attending the meeting no further information was available.

(d) Point Matatula (Crawford) - Jim Mohan had visited the station recently and had called

Craw'ford several times while there. The data appeared good except for some temporary
difficulties with methane which may be related to water in the system or to a programming
problem. Unfortunately Emily Wilson has left the NOAA staff and her replacement has proven
less than reliable. At the time of the meeting the UPS was not working and the GAGE machine
was on S_rnoan power. Fred Alyea noted that he had received no data at his end from this

station since June 1989. Rasmussen had told Alyea that he would Federal Express the station
logs to him but they have not yet arrived.

(e) Cape Grim (Fraser) - a number of power failures occurred largely in March and April 1989.
Calibration tank R-363 was replaced by R-366 on June 27. Occasional flask sampling continued
through this period in addition to the real-time measurements. The hydrogen cylinders were

changed on June 14 and September 1, the nitrogen cylinder on June 16, and the Ar-CH4

_Yllinders on March 30, May 30, and June 8. The nitrogen-line mole sieve was changed on April
and the Nation dryer on April 12 and September I4. Injector valve no. 1 was sticking on



August 28, September 7, and September 12 - this was fixed bv increasin_ the valve acm_t,'_-
_m-c _ _p_mb= 12. _e methanesampleloopwu c_ged _ to 3 mi onI"_.7._4
_u_ z_ an_mpt .tomte_te theC_4 _usmg _e _ 3390 wasunsu&_'__ "F_es

oy 17 6 on u.e 19.
_, _,_ _tauoa on may l_s-ly. 1he t'orasu COlunm was replaced on October 2, 1989 and

h_.o__ sox_. $an_. !e chromatograv_ and data which resulted. A new computer is being
at cape Cnim which may enable permanent storage of actual chromatograms on optical

Attention then sh/f_ to the HP 5880 data through June 88. Alyea will check on the 6 action
ltewa listed in the GAGE 9 minutes and notify the team ff any of these items have not been done
orcannotbe done. .

Next, tl].e first xcvi_v of data for July 1988 through June 1989 was undertaken. The followingaetlon,ternsresulted:

(a) Ireland

11.

12.

I4.

I5.

16.

(b)

Fraser to do back trajectory for mid-October 1988 pollution event.

"X"the January 1987- September 1988 Fl13 data to warn the reader about the
.made by S".xmrnon¢ts to.account for the.effects of a contamJ_ted regulator

Izonm regmator).Jrtleaajustmentfactorxsabout1.12--Simmonds will
confirmthisand providean estimateof theuncertaintyon thisfactorand a descriptionof
the details of the adjustments to the GAGE team.

C_a_.k March 10 - April I0 period where noisy data is evident for all species except F11ca the S column.

Check January - March CH3CC13 low vaIues

Check CC14 values for the tank 350 to tank 368 transition.

Check March 28 - May 15 periodinwhich anomalouslyhighand low CH 4 valuesappear.

Barbados

BI.

B2.

B3.

154.

BS.

(e)

F_ mid-Junetotheend ofJulydiscardallS-column datadue tofallingacmator/'mjector.

Drop OctoberdatapriortotheOctobertankchange forallspecies--thereasonisthe
exhaustionof thecalibrationgas.

DA'opallAugust 11-16 P-column data--thereasonisa failingsolenoid.

For January13 - March I0,dropallP-column datadue towaterintheNation drier.

For January25 -March I0,dropallCH 4 datadue towatercontam/nadon.
Oregon

03.

Apply missing F11S and F11P nonlinearity corrections to tanks 344 data.

h_CekF113 and CH3_CCI 3 values in tanks 350, 358, and 344 - these tanks span a "dip"
measurements for _ese species.

Check also the CCI4 values in tanks 344 and 355.
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(d)

Bl.

Samoa

For March 23 to April 15,deletedataforallspeciesdue to faultyNation drier.

Check CH 4 valuesfortanks 359 and 349.

(e) Tasnmuia

T1.
FIIS and FlIP nonlinearitycorrectionsyet tobe applied todata calibrated
againsttank 363.

T2. _ toexamine FI13 chromatograms forMay through Julyto explain
"quanfization"effect.

N exile _ discussedr_.thodologiesand rationaleforhydrochlorofluorocarbon

tr_t..v,,..)anmyses. _nnmonos gave an update of hisinitialexpvzlments (which were
__tohZed in theAGAGE proposal)forusing theGC/ECD method forHCFC-22

and HCF C-123.(CH_2CF_). He alsodescribedhisapparently successful
onve_.P?rasilC to p_u¢io-porasilD . On pseudo-PorasilD (butnot on

ootameo gooo separationof HCFC-22 from CFC-12. For HCFC-123 there
is still the problem of the proximity of the HCFC-123 and CFC-11 peaks.

The Group then reviewed the presentation which it had agreed to give to NASA
Headqtmrters personnel the following day. Depending on the degree of involvement of

Dr. Rasmussen in AGAGE, two acceptable courses of action were agreed upon to present
to NASA: one with Dr. Rasmussen playing a role and the other with him not being
involved. The meeting adjourned at 6:00 pro.

November 3

The second day of the meeting began at9:00 am with thenews thatDr. Pratherbut not

Drs.Kurylo and Watson would be joiningthe meeting from NASA.

While awaiting the arrivalof Dr. Prather, the group moved todiscuss new callhr_t;c_,

_ure_. itzsapparentthatthe new high pressure'Spectrasir'tasks could lastfor up
to tw.oyearsatthe stationsbut some concern was expressed about recognitionof driftsof

spe_es concentrationsin thesetanks. With two of thesetanks overlapping and
intercomp.arisonsof incoming and outgoing tanks,itwas am-eed thatth;_,,:,,,,_,_....la

alle.viated..Problems a.l_.ut obtaining and distributing thee-new ta_--_m'a't_nel'_-v"w"_
were ¢uscusseo. l_ze nee0 for a common "manual of o e " ayp rations for all careutk_rs at the
GAG..E sims was expressed and received sympathy. It was noted that there are three ways
in which the new calibrations to be developed by Weiss can be .linked to the present
GAGE calibrations: first through the remaining stored secondaries at the sites

arly.T_mania), second through the Cape Grim "air-bank"contained in GAGI_-

an.nually.andavailableback to 1978. and thirdthrough access to_-
_ zz mat is teaszole.

With the arrival of Dr. Prather a flank and leng_y discussion began led by Drs. Prinn and
Weiss on the topics of the AGAGE budget, the inclusion of HCFCs in AGAGE, and



thetwo scenariosdeveloped the previous day for linking the present GAGE with the
future AGAGE. Dr. Prather then returned to NASA Headquarters.

The meeting continued with a discussion of ongoing data interpretation and preparation

ofpaper,f_ pub_o,. P_i_nnote.thattheN_O_a_=h____, subduedtoJGR
we are awaiting reviews, fraser mSmbuted a dr_t of the paper _,ifetime and enussion

estimates of I, 1,2-trichlorotrifluoroethane (CFC-113) from daily global background
observations: 1984-1959" for discussion and comments. Prinn noted that his and

Golombek's global 3D model study of CFC-113 has just appeared in Geophysical

Research Letters (vol. 16, p. 1153, 1989). Cunnold gave his opinions on _e quality of

On the issue of future meetings it was agreed that the next meeting will be in early May
1990 _ the Scripps Institution of Oceanography and be hosted by Dr. Weiss. The

_o_ow___=_ _ng.w_ubemBarbadosinNovember]990tobeho_ byDr.Si_-no_d_
anu _ pzr._r.ea¢ or xmww his Barbados site visit. A tentative meeting was set for April
1991 m Tasmania with Dr. Fraser as host,

During the afternoon a telephone link was made with NASA Headquarters to enable
several of the GAGE scientists to talk to Drs. Watson and Kuryl° (and with Dr. Prather
who had by then returned) on a number of impornmt issues.

The tenth meeting of GAGE was completed officially at 5:30 pro.
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